Four members of a family in three generations exhibited unusual clinical features of localised transient swelling of muscle induced by percussion (muscle mounding or myoedema) and were able, voluntarily, to induce rhythmic waves of contraction in certain muscles (muscle rippling or rolling). All had raised serum creatine kinase activity. Muscle biopsy in two members showed no specific abnormality. Experimental studies performed on excised intercostal muscle showed that abnormal "after-contractions" and increased sarcolemmal excitability could be demonstrated in vitro.
A remarkable muscle response that has seldom been associated with underlying myopathy is a propensity for skeletal muscle to mound or swell with local stimulation, sometimes called myoedema. It has mainly been noted as a curiosity, and may be seen in normal states.12 Little has been documented of an even more unusual condition known as muscle rippling or rolling in which wave-like self-propagating muscle contractions can be voluntarily induced. A predominantly familial disorder with prominent muscle mounding and muscle rippling has been described, '8 but no investigations of in vitro muscle contractility have been published.
We report a family (father, two sons, and a grandson) with muscle mounding and muscle rippling. Clinical features are presented and the results of muscle biopsy and in vitro experimental studies of excised muscle on one member are described in detail. _W .~~~~C ase reports Case 
1
A 19-year-old man was first seen in 1980. For two to three years he had noticed a rippling of his muscles that he could induce himself especially after a period of rest, in the cold, or in the early morning. He had also been aware that whenever his muscles were struck or knocked a localised, painless swelling would appear at the site of impact, subsiding within five to 10 seconds. He had occasional aching and stiffness of his muscles. Examination revealed a healthy appearing man with well developed muscles. There was no wasting, no fasciculations were seen, and no weakness could be demonstrated. His deep tendon reflexes were intact and symmetrical. A painless swelling appeared with light percussion of most muscles especially those around the shoulder. This conformed to the shape of the percussion hammer and lasted for about five to 10 seconds before subsiding (fig 1) . It could be reproduced although some fatiguability was noted, and it occurred during prolonged rest and immediately after exercise. The patient was also able to demonstrate rippling or rolling of his muscles, especially in the pectoralis major, where it could be induced voluntarily. This consisted of a wave of rhythmic contractions in rapid succession, not associated with cramp or pain. Similar rippling could be initiated in response to pressure applied to the quadriceps by the examiner's hand.
Routine haematology, electrolytes, liver function, and thyroid function tests were normal. His serum creatine kinase was persistently raised varying from 250 to 530 IU/l (normal <140 IU/1). An ischaemic exercise test gave a normal rise in lactate and pyruvate. EMG studies showed no resting | [ . B Figure 1 Muscle mounding in pectoral muscles of the 19-year-old proband, case 1. The photographs show the upper left anterior thoracic region before (A) and after (B) a brisk tap to the pectoral muscles with the tendon hammer. The mounding conforms to the shape of the tendon hammer and does not spread longitudinally with respect to the muscle fibres of the pectoralis major.
Benign familial disease with muscle mounding and rippling activity and in particular, there were no myotonic discharges. The motor units were normal, with no evidence of a myopathic or neuropathic disorder. The muscle mounds were sampled and found to be electrically silent. A muscle biopsy was taken from the left vastus medialis. Light microscopy showed mild variation in muscle fibre size with occasional random small fibres. Routine morphometric studies in pH 9.4, 4-6, and 4-2 ATPase preparations showed selective type I fibre atrophy. The oxidative enzyme stains showed a normal intermyofibrillar network pattern. Myophosphorylase, periodic acidSchiff, oil-red-O, and Gomori trichrome pH 3-4 reactions were normal. Electron microscopy was normal. An intercostal muscle biopsy was also taken to perform specific physiological studies on the muscle. These will be described elsewhere.
In the 12 years since he was first seen he has remained well without change in his symptoms or signs.
Case 2 A 22-year-old man, the brother of case 1, had been aware of muscle mounding and rippling for about five years when first examined in 1980. The only signs were those of muscle mounding induced by percussion and he was able to make his muscles ripple. Serum creatine kinase was 774 IU/1. An EMG was normal and the muscle mounds were electrically silent.
Case 3
The 47-year-old father of cases 1 and 2 had been able to make his muscles ripple since his teenage years and his muscles would mound when bumped or knocked. He complained of a tight sensation in his muscles with exercise but this in no way incapacitated him. His condition had not changed over the years. Mounding with percussion was seen in many muscles and he could induce muscle rippling voluntarily. His serum creatine kinase was 380 IU/1.
Case 4
The eldest child in the third generation of this family had similar clinical findings. He was the son of case 2 and was examined in 1991 at nine years of age after a history of muscle aches during exercise and muscle swelling after minor trauma. Thigh muscle rippling, which occurred when he sat down after a prolonged period of standing, was also described.
Muscle mounding was apparent with percussion. His serum creatine kinase was 2317 IU/l (normal <250 IU/1), whereas plasma lactate, total carnitine and free carnitine were normal. An EMG was normal. A needle muscle biopsy of the quadriceps revealed 12% Type IIC fibres but no evidence of fibre necrosis, inflammation, or fibrosis.
There was no history of consanguinity or malignant hyperthermia in the family. tive firing. Furthermore, resting potentials were usually very stable with no oscillatory tendencies. On firing action potentials, the muscle fibres contracted strongly and the electrodes often pulled out. Inhibitors of excitation-contraction-coupling such as hypertonic sucrose or dantrolene were not employed in case they interfered with the muscle abnormality. Pull out or deliberate withdrawal of an electrode from an excitable fibre was followed by microscopically obvious localised contracture of the fibre.
1-3 mol/l; not Discussion es were not The family described here bears a striking normal rat similarity to the family reported by Torbergsen3 and the two families reported by Ricker et al. 4 Aching or tightness in the leg muscles was complained of by all four famiro ranges in lies, but the muscle mounding was painless. Although the exact mechanism of the muscle mounding and muscle rippling has not been revealed by our clinical, histopathological, and experimental studies, several of our findings are unusual and informative. As far as we are aware there are no previous reports of the peculiar contraction-induced "after-contractions" seen transiently in the intercostal muscle in vitro. We suspect these to be the in vitro manifestation of the voluntarily induced muscle rippling or rolling. It seems that in each case they are precipitated by the immediately prior electrically induced muscle contractions and may be contingent on the passive stretch back towards normal resting length that follows active shortening in the isotonic recording apparatus. It should be noted that the maximum rate of shortening in the after-contraction is significantly less than during the electrically triggered contraction. We suggest that the after-contraction results from a secondary slow release of Ca2+ from the sarcoplasmic reticulum as a result of abnormal sensitivity, perhaps of the Ca2+ channels, to mechanical distortion.
The voluntarily induced rippling or rolling is propagated slowly enough to be quite visible and thus much more slowly than normal action potentials in muscles. It may be that the unusual mechanical sensitivity is itself responsible for the propagation of a mechanical wave of contraction or that there is slow propagation of an internal sarcoplasmic action potential. In either case, as myotonic electrical activity of the sarcolemma does not seem to be involved, the rippling or rolling muscle activity is probably not strictly an after-contraction but should more accurately be termed a propagating after-contracture.
The heightened electrical excitability of the sarcolemma, although not sufficient in itself to generate EMG myotonic activity, could account for some of the sensitivity to stretch and symptoms of stiffness. It also provides evidence for a general muscle membrane abnormality in this disorder. This conclusion is further supported by the raised creatine kinase activity found in all four members of the family.
Because of the mildness and non-progressive nature of the symptoms in the members of our family, it was decided that no treatment should be given. They have been followed up for a period of up to 12 years now and there has been no change in their clinical state.
